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A pressure for a chamber 
is regulated by controlling ei- 
ther the exhaust pressure at the 
exhaust side of a first vacuum 
pump or the internal pressure 
at a compression stage of the 
first vacuum pump, where the 
first vacuum pump is directly 
communicating with the cham- 
ber. The pressure of the cham- 
ber can be regulated by combi- 
nations of the following: con- 
trolling the variable rotational 
frequency of a roots vacuum 
pump, a pre-vacuum pump, or 
a high compression pump; con- 
trolling a control valve between 
a pre-vacuum pump and the 
first vacuum pump; controlling 
a control valve for injecting gas 
into the exhaust side of the first 
vacuum pump or into the com- 
pression stage of the first vac- 
uum pump; and controlling a 
control valve or control valves 
for bypassing the first vacuum 
pump or a compression stage or 
compression stages of the first 
vacuum pump. To regulate the 
pressure in the chamber, several 

types of control rules can be used, including: a PID control rule, a gain scheduler, and a threshold comparison control rude. 
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ft^ ;>L ppARATUS AND METHOD FOH 
PT:!r,nT,7^TTNQ A PRESSURE IN A CHAMBER 

pftr^trnPOTTKrn nP TOE INVENTION 

The invention relates generally to an apparatus and a 
method for regulating a pressure in a chamber. 

In Fig. 1, a prior art system is shown for generating a 
vacuum in a chamber, such as that used in the manufacturing or 
processing of semiconductor products, -such as devices and 
v/afers. The chamber 1 has a process gas injected at a flow 
rate of QHv. The pressure PHv in the chamber 1 is measured 
with the gauge or sensor 5, which generates the pressure 
signal P, To generate a high vacuum in the chamber 1, the 
intake side of a high vacuum pump 2 is coupled to the chamber 
1. Typically, a turbo molecular pump is used as the high 
vacuum pump 2. Further, the intake side of a roots vacuum 
pump 2. which is a type of rotary blower, is coupled to the 
exhaust side of the high vacuum pump 2, and the exhaust side 
of the roots vacuum pump 3 is coupled to the intake side of a 

pre -vacuum pump 4. 

In the prior art system of Fig. 1, the pressure PHv of 
the chamber 1 is regulated using the throttle valve 8, The 
pressure signal P corresponds to the pressure PHv of the 
chamber- 1 measured with the gauge or sensor 5. Based on the 
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pressure signal P, the system operator 6 manually or 
automatically determines a desired set point pressure for the 
chamber 1 and generates a set pressure signal Ps corresponding 
to the desired set point pressure. The set point pressure 
signal Ps is used by the controller 7 to generate a signal u, 
which is used to vary the cross -section of the throttle valve 
8. In so doing, the pressure PHv of the chamber l is 
regulated, and a high vacuum within chamber 1 is achieved. 

SUMMARY OF THE TWVENTION 

It is an object of the present invention to decrease the 
dimensions and, specifically, the footprint of the chamber by 
eliminating the throttle valve of the prior art system. 

A further object of the present invention is to increase 
the conductance, which is mass flow divided by a pressure 
difference or drop over a distance, of the chamber by 
eliminating the throttle valve of the prior art system. m 
this way, a higher pumping speed for the high vacuum pump is 
obtained, and a smaller and more cost effective high vacuum 
pump may be used for some applications. 

Still a further object of the present invention is to 
increase the throughput of the system, especially one used of 
semiconductor manufacturing and processing, by eliminating the 
throttle valve. Because the throttle valve is a source of 
impurities and particles in the chamber, the throttle valve 
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must ba cleaned regularly. This requires stopping the 
production process and opening the chamber to clean the 
system. 

An additional object of the present invention is to 
increase the overall reliability of the system by eliminating 
the throttle valve, which is typically an unreliable 
mechanical part. For a chamber used in the manufacturing and 
processing of semiconductor products, this increase in 
reliability is especially desirable. 

Another object of the present invention is to decrease 
the time required to obtain a desired pressure and vacuum in 
the chamber, and thereby increasing the manufacturing 
throughput of the chamber. For example, if the chamber is 
used for manufacturing or processing of semiconductor 
products, the throughput of the semiconductor products can be 
improved . 

Yet another object of the present invention is to 
homogenize the flow between the high vacuum pump and the 
chamber . 

Still yet another object of the present invention is to 
influence insignificantly the composition of the process gas 
entering the chamber. 

The above objects '^SJid advantages of the present invention 
are achieved by an apparatus and a method for regulating a 
pressure in a chamber. The apparatus for regulating the 
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pressure in the chamber comprises: a first vacuum pump having 
a .compression stage, an exhaust side, and an intake side 
communicating directly with the chamber for generating a first 
pressure in the chamber; a controllable pressure regulator 
coupled to the first vacuum pump and having a control input 
for receiving a first signal for regulating an exhaust 
pressure at the exhaust side of the first vacuum pump or an 
internal pressure at the compression stage of the first vacuum 
pump, and to thereby regulate the pressure in the chamber; and 
a controller having an input for receiving a second signal 
representing a control pressure in the apparatus, and an 
output connected to the control input of the controllable 
pressure regulator, the controller producing at the output the 
first signal as a function of the second signal. 

The method for regulating a pressure in the chamber / 
wherein a first vacuum pump has a compression stage, an 
exhaust side, and an intake side communicating directly v/ith 
the chamber, comprises the steps of: generating a first 
pressure in the chamber with the first vacuum pump; and 
controlling an exhaust pressure at the exhaust side of the 
first vacuum pump or an internal pressure at the compression 
stage of the first vacuum pump as a function of a control 
pressure in the apparatus to thereby regulate the pressure in 
the chamber. 
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Moreover, the above objects and advantages of the present 
invention are illustrative, and not exhaustive, of those which 
can be achieved by the present invention. Thus, these and 
other objects and advantages of the present invention v/ill be 
apparent from the description herein or can be learned from 
practicing the invention, both as embodied herein and as 
modified in view of any variations which may be apparent to 
those skilled in the art. 

BRTEF DESCRTPTTON OF THE TNVENTIQN 

Fig. 1 is a function block diagram illustrating the prior 
art system for generating a vacuum in a chamber. 

Fig. 2 is a function block diagram illustrating a first 
embodiment of the invention. 

Fig. 3 is a function block diagram illustrating the 
controller 9 of Fig. 2. 

Fig. 4 compares the compression characteristics of the 
prior art system and the first embodiment of the present 
invent ion • 

Fig. 5 is a function block diagram illustrating a second 
embodiment of the invention. 

Fig. 6 is a function block diagram illustrating the 
controller 12 of Fig. 5. 

Fig. 7 is a function block diagram illustrating a third 
embodiment of the invention. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 PCT/EP98/03784 

6 

Fig. 8 is a function block diagram illustrating a fourth 
embodiment o£ the invention. 

Fig. 9 is a function block diagram illustrating a fifth 
embodiment of the invention. 

Fig. 10 is a function block diagram illustrating a sixth 
embodiment of the invention. 

Fig. 11 is a function block diagram illustrating a 
seventh embodiment of the invention. 

Fig. 12 is a function block diagram illustrating a eighth 
embodiment of the invention. 

Fig. 13 is a function block diagram illustrating a ninth 
embodiment of the invention. 

Fig. 14 is a function block diagram illustrating a tenth 
embodiment of the invention. 

PETAIIiED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, wherein 
similar referenced characters refer to similar referenced 
parts throughout the drawings. Figs. 2-14 depict an apparatus 
and a method of a first through tenth embodiments of the 
present invention for generating a vacuum in a chamber and 
regulating the pressure therein. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 PCT/EP98/03784 

7 

Instead of controlling the pressure PHv in the chamber 1 
with a throttle valve 8 as in the prior art system of Fig. 1, 
the first embodiment of the present invention as shov^i in 
Figs. 2-3 controls the rotational velocity of the roots vacuum 
pump 3 , which thereby changes the exhaust pressure of the high 
vacuum pump 2 and hence the chamber's pressure PHv. 

In the preferred embodiment, the high vacuum pump 2 is a 
turbo molecular pump, which has several pumping or compressing 
stages, each of which successively compresses the gases of the 
chamber 1 from 10'^' to 10'** Torr (intake pressure) to- 1.0 to 
2.0 Torr (exhaust pressure). Of the turbo molecular pumps 
available for use as nhe high vacuum pump 2, the preferable 
turbo molecular pump is a ^4AG 2 000 turbo molecular pump 
manufactured by Leybold Vacuum GmbH of Koln, Germany, v/hich is 
able to compress exhaust pressures of 1-0 to 2.0 Torr to 
intake pressures of 10** to 10'" Torr. Alternatively, any 
turbo molecular pump can be used that is able to produce low 
intake pressures suitable for the process in the chamber. As 
another alternative, any pump can be used that is able to 
produce low intake pressures suitable for the process in the 
chamber. 

In the preferred embodiment, the roots vacuum pump 3 is 
the Roots Blower WS 251 PFPE manufactured by Leybold Vacuum 
GmbH of K61n, Germany, which has a compression ratio in the 
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range of 3 to 5 . Alternatively, any pump, such as a roots 
vaquum pump or a rotary pump, can be used that is able to 
adj ust the exhaust pressure of the high vacuum pump 2 . 

In the preferred embodiment, the pre -vacuum pump 4 is the 
DRYVAC DlOO pump manufactured by Leybold Vacuum GmbH of Koln, 
Germany, which is capable of compressing exhaust pressures at 
atmosphere to intake pressures of O.Ol to l.o Torr. 
Alternatively, any pump, such as a roughing pump or a rotary 
pump, can be used that has a minimum intake pressure 
approximately greater than the maximum exhaust pressure of the 
high vacuum pump 2 . 

In all the preferred embodiments of the invention, the 
chamber 1 is used for the manufacturing or processing of 
semiconductor products, such as devices and wafers, using 
semiconductor manufacturing or processing equipment, such as 
that used for etch, chemical vapor deposition {"CVD"), 
physical vapor deposition ('^pyD"), thin film technology 
("TFT"), and ion implantation. In the preferred embodiment, 
the pressure in the chamber 1 needs to be regulated around 0 . 1 
to 0.001 Torr for use in the manufacturing or processing of 
semiconductor products . 

Alternatively, the chamber 1 may be that used in any 
application which requires regulating the pressure in the 
chamber 1 at a constant pressure. 
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The system operator 6 determines a desired sec point 
pressure for the chamber 1 based on the pressure signal P from 
the gauge or sensor 5, which measures the pressure PHv of the 
chamber 1 . The determination of the desired set point 
pressure can be performed manually or automatically. The 
system operator 6 generates the set point pressure signal Ps 
based on the desired set point pressure. 

In the preferred embodiment, the pressure signal P and 
the set point pressure signal Ps are voltage signals between 
0 and 10 volts. Alternatively, the pressure signal P and the 
set point pressure signal Ps can be any other analog signals 

or d.igital signals. 

The controller 9 uses the pressure signal P and the set 
point pressure signal" Ps to determine a frequency signal f . 
The frequency signal fl is used to control the rotational 
frequency of the roots vacuum pump 3 . In the preferred 
embodiment, the rotational frequency of the roots vacuum pump 
3 is varied between 10 and 100 Hz using the frequency signal 
fx. By changing the rotational frequency of the roots vacuum 
pump 3, the exhaust pressure of the high vacuum pump 2 is 
changed. The chamber pressure PHv is also changed. Thus, by 
regulating the rotational frequency of the roots blower, the 

pressure in chamber 1 is regulated. 

The intake pressure of the high vacuum pump 2 is a 

function of the flow rate QHv and the compression ratio of the 
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high vacuum pump 2, which is determined by the structural 
design of the high vacuum pump 2. The effective compression 
ratio of the high vacuum pump 2 is the ratio of the final 
pressure -corrected exhaust pressure of the high vacuum pump 2 
CO the final pressure-corrected intake pressure of the high 
vacuum pump 2. At a constant flow rate QHv, a typical 
compression characteristic for the high vacuum pump 2, which 
is dependent on the design of the high vacuum pump 2, has a 
maximum at a certain exhaust pressure for the high vacuum pump 
2 . 

At a constant flow rate QHv, the exhaust pressure of the 
high vacuum pump 2 is dependent on the pumping speed of the 
pre-vacuum pump 4, the conductance between the intake side of 
the pre-vacuum pump 4 and the exhaust side of the high vacuum 
pump 2 , and the change in pressure due to varying the 
rotational frequency of the roots vacuum pump 2. in the 
preferred embodiment, the minimum exhaust pressure of the high 
vacuum pump 2 is attained at the maxim\im pumping speed of the 
pre-vacuum pump 4 . 

To generate a low pressure in the chamber l at a constant 
QHv, the intake pressure of the pre-vacuum pump 4 is first 
decreased, thereby decreasing the exhaust pressure of the high 
vacuum pump 2 and the chamber's pressure PHy. Initially, the 
pre-vacuum pump 4 creates a first pressure less than 
atmosphere both on the exhaust side of the high vacuum pump 2 
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and in the chamber 1. Alternatively, the high vacuum pump 2 
can be bypassed such that the first pressure is created in the 
chamber 1 but not on the exhaust side of the high vacuum pump 
2. 

After this first pressure is created by the pre-vacuum 
pump 4, the high vacuum pump 2 creates a low pressure less 
than the first pressure in the chamber 1- If the first 
pressure is created both on the exhaust side of the high 
vacuum pump 2 and in the chamber 1, the creating of the low 
pressure in the chamber 1 occurs slowly. Alternatively, if 
the first pressure is created in the chamber 1 but not on the 
exhaust side of the high vacuum pump 2, the creating of tha 
low pressure in the chamber 1 occurs rapidly . 

In the preferred embodiment, the relationship between the 
pressures of the exhaust and intake sides of the high vacuum 
pump 2 is designed to be as continuous and linear as possible 
to enable use of commercially available controllers. 

In the preferred embodiment , ' the controller 9 selects the 
frequency signal fl according to a proportional- integral - 
derivative ("PID") control rule. As shown in Fig. 3, the 
controller S uses the PID control rule 20, which has as its 
inputs the pressure signal P and the set point pressure signal 
PSx and as its output the frequency signal f . The PID control 
rule 20 is given by the following: 
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f (t) - Kp(P(t:) -Ps{t) ) + KiJ^(P(x) -Pa (x) )dx 

+ Kd{d(P(t)-Ps(t))/dt) (1) 

where Kp is the proportional gain, Ki is the integral gain, Kd 
is the derivative gain, f, P. and Ps are functions of time t, 
and X is the variable of integration* The PID control rule 20 
can be implemented in either discrete or continuous form, and 
the controller 9 can be either a digital or an analog 
controller. Alternatively, other control rules may be used 
instead of the PID control rule P.O. 

In the preferred embodiment, the PID gains are selected 
using a gain scheduler 21. The gain scheduler 21 selects the 
three PID gains Kp, Ki, and Kd based on the set point pressure 
signal Ps . In the preferred embodiment, the range of the set 
point pi'essure signal Ps is divided into eight regions. As 
the set point pressure signal Ps varies amongst these eight 
regions, the gain scheduler 21 supplies the PID control rule 
20 with the three PID gains associated with the region where 
the set point pressure signal Ps lies. 

As an example, if the gain scheduler 21 has three 
regions, the three PID gains are determined as follows: 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



PCT/EP98/03784 



13 



Kp-Kpl, Ki-Kil, Kd-Kdl 



if PS < thl 



Kp=Kp2, Ki=Ki2, KG=:<d2 



if thl ^ Ps < th2 



(2) 



Kp-Kp3 , Ki-Ki3 , Kd-Kd3 



if PS i th2 



where Kpl, Kp2, and Kp3 are the three proporcional gains for 
the three regions, Kil, Ki2, and Ki3 are the three integral 
gains for the three x-egions, Xdl, Kd2, and Kd3 are the three 
derivative gains for the three regions, and thl and th2 are 
the thresholds for separating the three regions of the set 
point pressure signal ?s . The gain scheduling by the gain 
scheduler 21 can be implemented in either discrete or 
continuous form, and the gain scheduler 21 can be either a 
digital or analog gain scheduler. 

With the three PID gains from the gain scheduler 21, the 
pressure signal P, and che set point pressure signal Ps, the 
PID control rule 20 determines the frequency signal f 
according to equation (1) • 

In the preferred embodiment, the derivative gain Kd is 
set to zero (0) for the entire range of the set point pressure 
signal Ps . In other words, in the preferred embodiment, the 
PID control rule reduces to a proportional-integral ("PI") 
control rule. Alteratively, any combination of the three PID 
gains can be set to zero (0) as long as at least one is non- 
zero . 
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As an alternative to using the gain scheduler 21, a 
single set of PID gains can be used for the entire range of 
the set point pressure signal Ps. As another alternative, any 
signal relevant to the control of the system can be used as 
the input to the gain scheduler 21 to select the gains for the 
control rule. As a further alternative , any combination of 
signals relevant to the control of the system can be used as 
the input to the gain scheduler 21 to select the gains for the 
control rule . 

To ease the transition between the PID gains selected by 
the gain scheduler 2X, interpolation between the immediately 
selected set of PID gains and the previously selected set of 
PID gains can be used. For example, a linear interpolation 
between these two sets can be employed. 

In addition to or instead of controlling the rotational 
frequency of the roots vacuum pump 3, the exhaust pressure of 
the high vacuum pump 2 can be changed using the controller 10 
and the control valve 11. By injecting gas into the conduit 
between the roots vacuum pump 3 and the high vacuum pump 2, 
the exhaust pressure of the high vacuum pump 2 can be changed. 
By increasing or decreasing the injection of gas into the 
conduit between the roots vacuum pump 3 and the high vacuum 
pump 2, the exhaust pressure of the high vacuum pump 2 can be 
increased or decreased, respectively* In this way, the 
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exhaust pressure of the high vacuum pump 2 is regulated, and 
he.nce the pressure of the chamber 1 is regulated. 

To regulate the exhaust pressure of the high vacuum pump 
2, the control valve 11 controls the amount of gas injected 
into the conduit, and the controller 10 decermines the extent 
to which the control valve 11 is opened or closed. 

In the preferred euibodimenc, the controller 10 controls 
the extent to which the control valve 11 is opened or closed 
according to the follov/ing: 

ul"l if Ps < th3 

ul«=Kl (PS+K2) if th3 i Ps < th4 (3) 
Ul = 0 if Ps ^: Ch4 

where ul = l indicates that the control valve 11 is fully open, 
ul-0 indicates that the control valve 11 is fully closed, ul 
between 0 and 1 indicates that the control valve 11 is 
partially closed or partially open, Kl and K2 are variables 
selected such that ul is between 0 and 1, and th3 and th4 ax^e 
thresholds for separating regions of the set point pressure 
signal Ps. 

Alternatively, the control valve can be either fully 
opened or fully closed according to the^ following control 
rule : 
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ul=l 



if Ps < th3 



(4) 



ul-0 



if Ps :i th3 



Alternatively, a PID control rule, as described above, 
with or without a gain scheduler, as described above, may be 
used as the control rule for controlling the control valve ii . 



In Pig. 4, the characteristic curve for the high vacuum 
pump 2 of the prior art system as shown in Fig. 1 is compared 
with the characteristic curve for the high vacuum pump 2 of 
the first: embodiment of the invention as shown in Fig. 2. In 
Fig. 4, the abscissa is the exhaust pressure for the high 
vacuum pump 2, and the ordinate is the intake pressure for the 
high vacuum pump 2. For comparison, the same high vacuum pump 
is used, namely the MAG 2000 turbo molecular pump manufactured 
by Leybold Vacuum GmbH of Koln, Germany. The difference 
between the two is that to regulate the pressure in the 
chamber 1, the prior art system uses the throttle valve, and 
the first embodiment uses the rotational frequency controlled 
roots vacuum pump. 

As can be seen in Fig. 4, the first embodiment, indicated 
by^the line with open triangles, is able to achieve a higher 
intake pressure for a lower exhaust pressure than the prior 
art system, indicated by the line with solid squares. 



EXAMPLE OF THE FIRST EMBODIMENT 
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Further, the first embodiment achieves a smoother transition 
between the horizontal and near vertical portions of the 
characteristic curve than the prior art system. This smoother 
transition allows for better control of the system by the 
controller 9. 

SECOND gUBODIMENT 

In the second embodiment of the present invxsntion, as 
shown in Figs. 5 and 6, the roots vacuum pump 3 and the 
control valve 11 of the first embodiment are replaced by a 
control valve 13. The controller 12 uses the pressure signal 
P from the sensor 5 and the set point pressure signal Ps from 
the system operator 6 to determine a control signal u2 , which 
is used to regulate the opening and closing of the control 
valve 13 . 

In the preferred embodiment, the control valve 13 should 
be situated as closely as possible to the high vacuum pump 2 
in order to minimize the relevant volume of the conduit 
between the control valve 13 and the high vacuum pump 2. 

In the preferred embodiment, the control valve 13 is 
opened and closed using a fine resolution stepping motor. 
Further, for use with semiconductor manufacturing or 
processing within the chamber 1, the control valve 13 should 
be tolerable of wide temperature variations. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 PCT/EP98/03784 

18 

As shown in Pig- 6, controller 12 uses a PID control rule 
22 and a gain scheduler 23, both of which are similar to the 
PID control rule 20 and gain scheduler 21, respectively, of 
controller 9. To determine the control signal u2, the PID 
control rule 22 uses the following: 

U2(t) « Kp{Ps{t) -P(t) ) + KiJ*^(?(x) -Ps(x) )dx 

+ Kd(d(P(t) -Ps(t) ) /dt) (5) 

where Kp is the proportional gain, Ki is the integral gain, Kd 
is the derivative gain, u2, P^ and Ps are functions of cime t, 
and X is the variable of integration. The PID control rule 22 
can be implemented in either discrete or continuous form, and 
the controller 12 can be either a digital or an analog 
controller. Alternatively, other control rules besides the 
PID control rule can be used by the controller 12. 

In the preferred embodiment, the gain scheduler 23, like 
the gain scheduler 21, selects the three PID gains for the PID 
control rule 22 based on Che set point pressure signal Ps, 
Alternatively, any signal relevant to the control of the 
system can be used as the input to the gain scheduler 23. 
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THTRP EMBODIMENT 

In the third, fourth, and fifth embodiments, the high 
vacuum pump 2 of the first embodiment is a modified curbo 
molecular pump. These three ..embodiments are respectively 
illustx-ated with function block diagrams in Figs. 7, 8, and 9. 
For each of the three embodiments, the goal is to decrease the 
compression ratio for the high vacuum pump 2. For ease of 
explanation, the graphical sy.'nbol for the high vacuum pump 2 
in Figs. 2 and 5 is replaced by a more detailed one for the 
embodiment of a turbo molecular pump in Figs. 7-9. 

In some applications, such as in the manufacturing or 
processing of semiconductor products, such as devices or 
wafers, various gases are injected into the chamber 1 and have 
various pressure compressions. For those gases having a 
higher pressure compression, for example BCI3 or SFp, the high 
vacuum pump 2 will have a .larger power consumption than . for 
those gases having a lower pressure compression, for example 
H;^. To avoid this higher power consumption by the high vacuum 
pump 2, the compression ratio of the high vacuum pump 2 can be 
adjusted, and three such v/ays are described next as the third, 
fourth, and fifth embodiments. 

In the third embodiment as illustrated in Fig. 7, the 
high vacuum pump 2 is a turbo molecular pump modified by 
including a bypass from one of the intermediate compression 
stages in the turbo molecular pump 2 to the exhaust side of 
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the turbo molecular pump 2. Control valve 31 controls the 
flow betv;een the bypassed intermediate compression stage and 
the exhaust side of the turbo molecular pump 2 . In this 
manner, the compression ratio of the turbo molecular pump 2 
can be altered. 

In the preferred embodiment, control valve 31 is either 
fully opened or fully closed. Alternatively, the control 
valve 21 can be partially opened or partially closed. 

As an example, with the control valve 31 fully closed, an 
exhaust pressure of 5 Torr is required to achieve an intake 
pressure b£ 20 mTorr for the turbo molecular pump 2. However, 
with the control valve 31 fully open, an exhaust pressure of 
2 Torr is required to achieve an intake pressure of 2 0 mTorr 
for che curbo molecular pump 2. 

The extent to which the control valve 31 is opened or 
closed is controlled by the control rule of controller 32. 
Controller 32 adjusts the control valve 31 according to a 
control rule based on, for example, the pressure signal P, the 
set point pressure signal Ps, or any other signal relevant to 
controlling the system. The control rule used here may be 
similar to that used by controller 10 to adjust the control 
valve 11 as in the first embodiment. Alternatively, the 
control rule may be a PID control rule, as discussed abov.e for 
the first embodiment, and may include a gain scheduler, as 
discussed above for the first embodiment. As an alternative. 
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the control rule may be any control rule useful for 
controlling the control valve 31. 

FOURTH EMBODIMENT 

In the fourth embodiment as shown in Fig, 8, the high 
vacuum pump 2 of the first embodiment is a turbo molecular 
pump modified by including an injection of gas into one of the 
intermediate compression stages of the turbo molecvilar pump 2. 
The injection of the gas is controlled by the control valve 
33, which is controlled by controller 34- As such, the 
compression ratio of the Tiurbo molecular pump 2 can be 
increased. 

In the preferred embodiment, the control valve 3 3 is 
fully opened or fully closed. Alternatively, the control 
valve 3 3 can be partially opened or partially closed. 

The extent to which the control valve 3 3 is opened or 
closed is controlled by the control rule of controller 34, 
Controller 34 adjusts the control valve 33 according to a 
control rule based on, for example, the pressure signal P, the 
set point pressure signal Ps, or any other signal relevant to 
controlling the system. The control rule used here may be 
similar to that used by controller 10 to adjust the control 
valve 11 as in-^the first embodiment. Alternatively, the 
control rule may be a PID control rule, as discussed above for 
the first embodiment, and may include a gain scheduler, as 
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discussed above for the first embodiment. As an alternative, 

the control rule may be any control rule useful for 
controlling the control valve 33. 

PTPTH EMBQDTMSNT 

In the fifth embodiment as shown in Fig- 9, the high 
vacuum pump 2 of the first embodiment is replaced with a turbo 
molecular pump modified to include several valves for 
bypassing intermediate compression stages of the zurbo 
molecular pump, and so doing wichout recirculation. The 
control valves 35, 36, and 37 are used to disable the 
compression stages of the turbo molecular pump. A controller 
3 8 is used to adjust the control valves 35, 36, and 37. As is 
shovm in Fig. 9, three control valves are used. 
Alternatively, any number of control valves up to the number 
of compression stages of the turbo molecular pump can be used. 
As such, the compression ratio of the turbo molecular pump 2 
can be varied. 

In Fig, 9, the exhaust side of the high vacuum pump 2 is 
shown not coupled to the exhaust sides of control valves 35, 
36, and 37. Alternatively, an additional control valve can be 
added having an intake side coupled to the exhaust side of the 
high vacuum pump 2 and an exhaust side coupled to the exhaust 
sides of control valves 35, 36, and 37 and to the intake side 
of the roots vacuum pump 3. This additional control valve can 
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be controlled by controller 38 such that gases from the 
exhaust side of the high vacuum pump 2 are not coupled with 
gases from the exhaust sides of control valves 35, 36, and 37. 

In the preferred embodiment, the control valves 35, 36, 
and 37 are either fully opened or fully closed. 
Alternatively, control valves 35, 36, and 37 can be partially 
opened or partially closed. 

The extent to which the control valves 35, 36, and 37 are 
opened or closed is controlled by the control rule of 
controller 38, Controller 3 8 adjusts the control valves 35, 
36, and 37 according to a control rule based on, for example, 
the pressure signal P, the sec point pressure signal Ps, or 
any other signal relevant to controlling the system. The 
control rule used here may be similar to that used by 
controller 10 to adjust the control valve 11 as in the first 
embodiment. Alternatively, the control rule may be a PID 
contz'ol rule, as discussed above for the first embodiment, and 
may include a gain scheduler, as discussed above for the first 
embodiment. As an alternative, the control rule may be any 
control rule useful for controlling the control valves 35, 36, 
and 37, 

As an example, if the turbo molecular pump has 20 
compression stages, the three control valves 35, 36, and 3 7 
could be coupled to the fifteenth, tenth, and fifth 
compression stages, respectively. If the control valve 35 is 
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opened and the control valves 3S and 37 are closed, 
compression stages 16 through 20 are bypassed. Moreover, if 
control valves 35 and 3 6 are open and control valve 3 7 is 
closed, compression stages 11 through 20 are bypassed. In 
chis manner, the compression ratio of the turbo molecular pump 
2 is decreased. 

SIXTH EMBODIMENT 

In che sixth embodimenc as shown in Fig. 10, che first, 
third, fourth, and fifth embodiments are combined. Instead of 
using multiple controllers, a single controller 42 is used to 
control all the control valves and pumps. The controller 42 
can implement the control rules, as discussed above. 
Alternatively, the controller 4?. can implement a. multi- 
'variable control rule. As another alternative, any control 
x-ule or control rules xiseful for controlling the system can be 
used. 

In addition to the bypass control valves in the third, 
fourth, and fifth embodiments, additional control valves are 
in the sixth embodiment. The control valve 38 is used to 
bypass the high vacuum pump 2. The control valve 3 9 functions 
as the control valve 31 in Fig. 7 and as discussed in the 
third embodiment. The control valve 40 is used to implement 
the bypass of the exhaust of the high vacuum pump 2 as in Pig. 
9 and as discussed above in the fifth embodiment. The 
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combination of concrol valves 30, 39, and 40 can be used to 
bypass the high vacuum pump 2 completely. As discussed above 
in the fifth embodiment, the control valves 35 and 36 are used 
CO bypass the compression stages in the high vacuum pump 2 . 
Alternatively, one or more compression stages can be bypassed 
using a single control valve with each side of the control 
valve coupled to a different compression stage. 

The control valves 35, 36, 38, 39, and 4 0 are .controlled 
as described above for the concrol valves 31, 33, 35. 36, and 
37. In practicing the invention, the control valves can be 
used in any combination co regulate the pressure in the 
chamber 1. Alternatively, additional control valves can be 
added to bypass the high vacuum pump 2 or any of its 
compression stages - 

The gauge or sensor 41 measures the pressure PVv at the 
exhaust of the high vacuum pump 2. Gauge or sensor 41 can 
produce an analog or digital signal. The signal from gauge or 
sensor 41 can be used to control the system according to a 
control rule or control rules in controller 42. 

In the preferred embodiment, to regulate the pressure in 
the chamber 1, the roots vacuum pump 3 is primarily used. 
Alternatively, any combination of the control valves can be 
used in addition to or instead of the roots vacuum pump 3 to 
regulate the pressure in the chamber 1. 
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In the seventh embodiment as shown in Fig. n. the roots 
vacuum pump 3 of the sixth embodiment is replaced by zhe 
control valve 13 of the second embodiment . . As in the second 
embodiment, the control valve 13 regulates the exhaust 
pressure PVv of the high vacuum pump 2 and in turn regulates 
the pressure PHv of the chamber 1. 

In the preferred embodiment, to regulate the pressure in 
the chamber 1, the control valve 13 is primarily used. 
Alternatively, any com.bination of the control valves or 
additional control valves can be used in addition to or 
instead of the control valve 13 to regulate the pressure in 
the chamber 1 . 

EIGHTH EMBODTMBMT 

In the eighth embodiment as shown in Fig. 12. the roots 
vacuum pump 3 of the sixth embodiment is. eliminated. In place 
of regulating the pressure in the chamber 1 by controlling the 
rotational frequency of the roots vacuum pump 3, the 
rotational frequency of the pre-vacuum pump 4 is controlled 
with the frequency signal f2. The controller 42 generates the 
frequency signal f2 as described above for the generation of 
the frequency signal fl by the controller 9. Similar to the 
embodiments described above, by varying the rotational 
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frequency of the pre -vacuum pump 4, the exhaust pressure PVv 

of the high vacuum pump 2 is regulated and, hence, the 

pressure PHv of the chamber 1 is regulated - 

In the preferred embodiment, to regulate Che. pressure in 

the chamber 1, the pre-vacuum pump 4 is primarily used. 

Alternatively, any combination of the control valves or 
additional control valves can be used in addition to or 
instead of the pre-vacuum pump 4 to regulate the pressure in 
the chamber 1 . 

NINTH .EMBODIMENT 

In the ninth embodiment as shown in Fig. 13, the roots 
vacuum pump 3 of the sixth embodiment is eliminated. In place 
of regulating the pressure in the chamber 1 by controlling the 
rotational frequency of the roots vacuum pump 3, the pressure 
in the chamber 1 is regulated by increasing or decreasing the 
injection, of gas via control valve 11, as described above in 
the first embodiment. 

Alternatively, instead. of using the control valve 11, che 
pressure in the chaitOber 1 can be regulated by increasing or 
decreasing the injection of gas via control valve 33, as 
described above in the fourth embodiment . 

As another alternative, che combination of using concrol 
valves 11 and 33 can be used to regulate the pressure in the 
chamber 1 . 
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In the preferred embodiment, to regulate the pressure in 
the chamber 1, a combination of the control valves 1 and 33 is 
primarily used. Alternatively, any combination of the 
remaining control valves or additional control valves can be 
used in addition to or instead of the control valves l and 33 
to regulate the pressure in the chamber 1. 

TENTH gMBOD ;rMP^ 
in Che tench embodiment as shown in Fig. 14, the roots 
vacuum pump 3 and the pre-vacuum pump 4 of the sixth 
embodiment are eliminated, and the high vacuum pump 2 is 
replaced by a high compression pump 43, The high compression 
pump 43 compresses gases with an intake pressure of a low 
value required by the use of the chamber 1 to an exhaust 
pressure of atmosphere. The high compression pump 43 has 
several pumping or compressing stages, which successively 
compress the gases from the chamber 1 to atmospheric pressure. 
All of the pumping or compressing stages of the high 
compression pump 43 are disposed within one housing. 

In the preferred e,nbodiment, the high compression pump 43 
compresses intake pressures of lO*^ to lO"* Torr to exhlust 
pressures at atmospheric pressure. Alternatively, the high 
compression pump 43 compresses low -intake pressure., suitable 
for the process in the chamber 1 co atmospheric exhaust 
pressure .• 
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The pressure in the chamber 1 is regulated by controlling 
the rotational frequency of the high compression pump 43 with 
the frequency signal f 3 . In the preferred embodiment, the 
controller 42 generates the frequency signal f3 as described 
above for the generation of the frequency signal fl by the 
controller 9. In particular, the control rule for the 
controller 42 is a PID control rule, as discussed above for 
the first embodiment, and may include a gain scheduler, as 
discussed above for the first embodiment. Alternatively, the 
control rule may be any control rule useful for controlling 
the high compression pump 43. Similar to the embodiments 
described above, by varying the rotational frequency of the 
high compression pump 43, the pressure PHv of the chamber 1 is 
regulated. 

The gauge or sensor 44 measures the pressure PCv internal 
to Che high compression pump 43 . Gauge or sensor 44 can 
produce an analog or digital signal. The signal from gauge or 
sensor 44 can be used to control the system according to a 
control rule or control rules in controller 42. 
Alternatively, additional internal or exhaust pressures of the 
high compression pump 4 3 can be measured by additional gauges 
or sensors 44. 

In addition to or instead of regulating the pressure in 
the chamber 1 by controlling the rotational frequency of the 
high compression pump 43, any ccmbinaticn of the fallowing can 
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be used: control valves 35, 2€, 36. 39, and 40; any additional 
control valves for bypassing the compression stages of the 
high compression pump 43; the control valve 33; and any 
additional control valves for injecting gas into the 
compression stages of the high compression pump 43. Non- 
limiting examples of controlling the pressure in the chamber 
with control valves include any combination of the following: 
a control valve coupled between a compression stage and the 
exhaust side of the high compression pump 43; a control valve 
coupled between a compression stage and another compression 
stage of the high compression pump 43; a control valve coupled 
between a compression stage and the intake side of the high 
compression pump 43; a control valve coupled between the 
intake side and the exhaust side of the high compression pump 
43; a control valve coupled between a compression stage and a 
gas supply and for injecting gas into the compression stage of 
the high compression pump 43; and a control valve coupled 
between the exhaust side of high compression pump 43 and a gas 
supply and for injecting gas into the exhaust side of the high 
compression pump 43 . 

To control any of the above combinations of control 
valves, one or more controllers can be used with one or more 
control rules and with any signal relevant to the control of 
the system. Non-limiting examples of a control rule or 
control rules include any combination of Lh^ following: a 
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threshold control rule, as described above for the first 
embodiment; a PID control rule, as described above for the 
first embodiment, and which may include a gain scheduler, as 
discussed above for the first embodiment; and a multi-variable 
control rule. Non-limiting examples of any signal relevant to 
the control of the system iiiclude any combination of the 
following: the pressure signal P; the set point pressure 
signal Ps ; and a pressure signal corresponding to an internal 
or exhaust pressure of the high compression pump 4 3 as 
measured by the gauge or sensor 44. 

In the several cmbodimencs of the invention, several 
separate controllers are used to control various control 
valves and pumps in the system. Alternatively, a single 
controller can be used to control all the control valves and 
pumps in che system using a multi-variable control rule. In 
practicing the invention of the several embodiments, several 
controllers, a single controller, or any combination thereof 
can be used to control all the control valves and pumps in the 
system using a single control rule or multiple control rules. 
In practicing the invention, the controller or controllers can 
be either digital or analog and can implement a control rule 
or control rules in either discrete or continuous form. 

As the invention has been described in detail with 
respect to the preferred embodiments, it will now be apparent 
from the- foregoing to those skilled in the art that changes 
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and modifications may be made without departing from the 
invention in its broader aspects. The invention, therefore, 
as defined in the appended claims, is intended to cover all 
such changes and modifications as fall within the true spirit 
of the invention. 

As shown in the embodiment of figure 15, it is Indicated, that 
vacuum pump 3 must not be a rootspump. Another pump with similar 
features, for example a clawtype vacuum pump, can be used, if 
possible, alone, or together with pump 4 as a prevacuum pump. 
Further it is possible, to provide pump 4 (a prevacuum pump) 
with a variable rotational frequency (fl) and to control this 
frequency by the second signal Ps. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. An apparatus for regiilating a pressure in a chamber 
comprising: 

a first vacuum pump having a compression stage, an 
exhaust side, and an intake sidie communicating directly with 
the chamber for generating a first pressure in the chamber; 

a concrollable pressure regulator coupled to the first 
vacuum pump and having a control input for receiving a first 
signal for regulating an exhaust pressure at the exhaust side 
of the first vacuum pump or an internal pressure at the 
compression stage of the first vacuum pump, and to thereby 
regulate the pressure in the chamber; and 

a controller having an input for receiving a second 
signal representing a control pressure in the apparatus, and 
an output connected to the control input of the controllable 
pressure regulator, the controller producing at the output the 
first signal as a function of the second signal. 

2. An apparatus according to claim 1, wherein the 
controllable pressure regulator comprises: 

a second vacuum pump having an intake side coupled to the 
exhaust side of the first vacuum pump and generating a second 
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pressure, higher than the first pressure, at the intake side 
of the second vacuum pump. 

3. An apparatus according to claim 2, wherein the 
controllable pressure regulator further comprises: 

a roots vacuum pump for coupling the first and second 
vacuum pumps and having a variable rotational frequency, an 
intake side coupled to the exhaust side of the first vacuum 
pump, and an exhaust side coupled co the intake side of the 
second vacuum pump, and wherein the first signal produced by 
the concroller controls the variable roLaCional frequency of 
the roots vacuum pump and thereby regulates the exhaust: 
pressure of the first vacuum pump. 

4. - An apparatus according to claim 2, wherein the 
controllable pressure regulator further comprises: 

a controllable valve for coupling the fix's t and second 
vacuum pumps and having an intake side coupled to the exhaust 
side of the first vacuum pump and an exhaust side coupled the 
intake .side of the second vacuum pump. 

5. ; An apparatus according to claim 4, v/nerein the first 
signal from the contx-oller controls opening and closing of the 
controllable valve and thereby regulates the exhaust pressure 
of the .first vacuum pump. 
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6. An apparatus according to claim 4, wherein t.he 
controllable pressure regulator further coniprises : 

a stepping motor for opening and closing the controllable 
valve, and v/herein the first signal from the controller 
controls stepping of the stepping motor and thereby regulates 
the exhaust pressure of the first vacuum pump. 

7. An apparatus according to claim 2, wherein the 
second vacuum pump has a variable rotational frequency, and 
wherein the first signal produced by the controller controls 
the variable rotiational frequency of the second, vacuum pump 
and thereby regulates the exhaust pressure of the first vacuum 
pump. 

8. An apparatus according to claim 1, whex-ein the first 
pressure generated by the first vacuum pump is less than 
atmospheric pressure; 

wherein the exhaust pressure of the first vacuum pump is 
at atmospheric pressure; 

wherein the first vacuum pump has a variable rotational 
frequency and a control input for receiving the first signal 
for varying the rotational frequency of the first vacuum pump; 

wherein the controller produces the first signal for 
varying the variable rotational frequency of the first vacuum 
purhp ; and 
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wherein the controllable pressure regulator passes the 
first signal from its control input to the control input of 
the first vacuum pump. 

The apparatus according to claim 1^ wherein the 
controllable pressure regulator cocnprises a controllable valve 
having an intake side coupled to a gas supply and an exhaust 
side coupled to the exhaust side of the first vacuum pump. 

10. The apparatus according to claim 1, wherein the 
controllable pressure regulator comprises a controllable valve 
having an intake side coupled to a gas supply and an exhaust 
side coupled to the compression stage of the first vacuum 
pump. 

11. The apparatus according to claim 1, wherein the 
controllable pressure regulator comprises a controllable valve 
having an intake side coupled to the compression stage of the 
first vacuum pump and an exhaust side coupled to the exhaust 
side of the first vacuum pump. 

12. The apparatus according to claim 1, wherein the 
first vacuum pump has a second compression stage, and wherein 
the controllable pressure regulator comprises a controllable 
valve having an intake side coupled to the compression stage 
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of the first vacuum pump and an exhaust side coupled Co the 
second compression stage of the first vacuum pump. 

13. The apparatus according to claim 1, wherein the 
controllable pressure regulator comprises a controllable valve 
having an intake side coupled to the compression stage of the 
first vacuum pump and an exhaust side coupled to che intake 
side of the first vacuum pump. 

14. The apparatus according to claim 1, wherein the 
controllable pressure regulator comprises a controllable valve 
having an intake side coupled to the intake side of the first 
vacuum pump and an exhaust side coupled to the exhaust side of 
the first vacuum pump. 

15. The apparatus according to claim 1, v/herein the 
controllable pressure regulator comprises: 

a second vacuum pump having an intake side coupled to the 
exhaust side of che firsc vacuum pump; 

a first controllable valve having an intake side coupled 
to the compi^ession stage of the first vacuum pump and an 
exhaus t s ide ; and 

a second controllable valve for coupling the firsc and 
second vacuum pumps and having an intake side coupled co the 
exhaust side of the first vacuum pump and an exhaust side 
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coupled to the intake side of the second vacuum pump and the 
exhaust side of the first controllable valve, 

16. An apparatus according co claim l, wherein the 
control pressure in the apparatus is the pressure in the 
chamber; and 

wherein the controller receives at its input a third 
signal representing a desired pressure in the chamber; and 

wherein the controller produces the first signal as a 
function of the second signal, the third signal, and a 
proportional -integral-derivative control rule. 

17. An apparatus according to claim 16, wherein the 
proportional -integral -derivative control rule comprises a 
proportional gain, an integral gain, and a derivative gain. 

18. An apparatus according to claim 17, wherein the 
derivative gain of the proportional -integral -derivative 
control rule is zero. 

19. An apparatus according to claim 1, wherein che 
controller comprises : 

a control rule having at least one gain, the control rule 
for producing the first signal; and 
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a gain scheduler for determining the at least one gain of 
the control rule . 

20. An apparatus according to claim 19^ wherein the 
control pressure in the apparatus is a desired pressure in the 
chamber; 

wherein the gain scheduler comprises a plurality of 
gains ; and 

wherein the gain scheduler selects the at least one gain 
from the plurality of gains according to the second signal. 

21. An apparatus according to claim 1, wherein the 
control pressure in the apparatus is a desired pressure in the 
chamber ; and 

wherein the controller produces the first signal as a 
function of a comparison between the second signal and a 
threshold value. 

22. An apparatus according to claim 1, wherein the 
control pressure in the apparatus is the pressure in the 
chamber^ a desired pressure in the chamber, the exhaust 
pressure at the exhaust side of the first vacuum pump, or the 
internal pressure at the compres-sion stage of the first vacuum 
pump . 
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23. A method for regulating a pressure in a chamber, 
wherein a first vacuum pump has a compression stage, an 
exhaust side, and an intake side communicating directly with 
the chamber, comprising the steps of; 

generating a first pressure in the chamber with the first 
vacuum pump; and 

controlling an exhaust pressure at the exhaust side of 
the first vacuum pump or an internal pressure at the 
compression stage of the first vacuum pump as a function of a 
control pressure in the apparatus to thereby regulate the 
pressure in the chamber, 

24, A* method according to claim 22, wherein a second 
vacuum pump having an intake side is coupled to the exhaust 
side of the first vacuum pump, and further comprising the step 
of : 

generating a second pressure, higher than the first 
pressure, at the intake side of the second vacuum pump. 

. 2.5, A method according to claim 24, wherein a roots 
vacmim pump couples the first and second vacuum pumps and has 
a variable rotational frequency, and 

wherein controlling the exhaust pressure comprises 
vax^ing the variable rotational frequency of the roots vacuum 
pump . 
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26. A method according to claim 24, wherein a 
controllable valve couples the first and second vacuum pumps, 
and 

wherein the step of controlling comprises opening and 
closing the controllable valve. 

27. A method according to claim 24, wherein the second 
vacuum pump has a variable rotational frequency, and 

wherein the step of controlling comprises varying the 
variable rotational frequency of the second vacuun pump. 

28. A method according to claim 23, wherein che first 
pressure generated by the first vacuum pump is less than 
atmospheric pressure ; 

wherein the exhaust pressure of the first vacuum pump is 
at atmospheric pressure; 

wherein the first vacuum pump has a variable rotational 
frequency; and 

wherein the step of controlling comprises varying the 
variable rotational frequency of the first vacuum pump. 

29. The apparatus according to claim 23, wherein a 
controllable valve has an intake side coupled to a gas supply 
and an exhaust side coupled to the exhaust side of the first 
vacuum pump, and 
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wherein the step of controlling comprises opening and 
closing the controllable valve. 

30. The apparatus according to claim 23, wherein 
controllable valve has an intake side coupled to a gas supply 
and an exhaust side coupled to the compression stage cf the 
first vacuum pump, and 

wherein the step of controlling comprises opening and 
closing the controllable valve, 

31. The apparatus according to claim 23, wherein a 
controllable valve has an intake side coupled to the 
compression stage of the first vacuum pump and an exhaust side 
coupled to the exhaust side of the first vacuum pump, and 

wherein the step of controlling comprises opening and 
closing the controllable valve. 

32. The apparatus according to claim 23, v/herein the 
first vacuum pump has a second compression stage, and wherein 
a controllable valve has an intake side coupled to the 
compression stage of the first vacuum pump and an exhaust side 
coupled to the second compression stage of the first vacuum 
pump , and 

wherein the step of controlling comprises opening and 
closing the controllable valve. 
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33. The apparatus according co claim 22, wherein 
controllable valve has an intake side coupled to the 
compression stage of the first vacuum pump and an exhaust side 
cotipled to the intake side of the first vacuum pump, and 

wherein the step of controlling comprises opening and 
closing the controllable valve. 

34. The apparatus according to claim 23, wherein a 
controllable valve has an intake side coupled to the intake 
side of the first vacuum pump and an exhaust side coupled to 
the exhaust side of the first vacuum pump, and 

v/herein the step of controlling comprises opening and 
closing the controllable valve. 

35. The apparatus according to claim 23, wherein a second 
vacuum pump has an intake side coupled to the exhaust side of 
the first vacuum pump; 

wherein a first controllable valve has an intake side 
coupled to the compression stage of the first vacuum pump and 
an exhaust side; and 

wherein a second controllable valve couples the first and 
second vacuum pumps and has an intake side coupled to the 
exha\ist side of the first vacuum pump and an exhaust side 
coupled to the intake side of the second vacuum pump and the 
exhaust side of the first controllable valve; and 
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wherein the step of controlling comprises opening and 
closing the first and second controllable valves, 

36. A method according to claim 23, wherein the control 
px-essure in the apparatus is the pressure in the chamber; and 

wherein the step of controlling comprises controlling the 
exhaust pressure at the exhaust side of the first vacuum pump 
or the internal pressure at the compression stage of the first 
vacuuta pump as a function of the contx-ol pressure in the 
apparatus, a desired pressure in the chamber, and a 
proportional-integral-derivative control rule. 

37. A method according to claim 36, wherein the 
proportional -integral -derivative control rule comprises a 
proportional gain, an integral gain, and a derivative gain. 

38. An apparatus according to claim 37, wherein the 
derivative gain of the proportional -integral -derivative 
control rule is zero. 

39- A method according to claim 23, wherein the control 
pressure in the apparatus is the pressure in the chamber; and 
wherein the step of controlling comprises: 
selecting at least one gain from a plurality of gains 
according to the control pressure in the apparatus; 
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controlling the exhaust pressure at the exhaust side of 
Che first vaccum pump or the internal pressure at che 
compression stage of the first vacuum pump as a function of a 
control rule, che selected ac lease one gain, che control 
pressure of the apparatus, and a desired pressure in the 
chamber . 

40. A method according to claim 23, wherein the control 
pressure in the apparatus is a desired pressure in the 
chamber; and 

wherein the seep of controlling comprises controlling the 
exhausc pressure at the exhaust side of the first vaccum pump 
or the internal pressure at the compression stage of the first 
vacuum pump as a function of the control pressure in the 
apparatus and a comparison between the control pressure in the 
apparatus and a threshold value - 

41. A method according to claim 23, wherein the control 
pressure in the apparatus is the pressure in the chamber, a 
desired pressure in the chamber, the. exhaust pressure at the 
exhaust side of the first vacuum pump, or the internal 
pressure at the compression stage of the first vacuum pump. 
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--42. An apparatus according to claim 1, wherein the 
controllable valve has an intake side for receiving gas, and an 
exhaust side coupled to the exhaust side of the first vacuum pump 
and for injecting gas into the exhaust side of the first vacuum 
pump, and the apparatus further comprising: 

a roots vacuum pump having a variable rotational frequency, 
an intake side coupled to the exhaust side of the first vacuum 
pump and the exhaust side of the controllable valve, and an 
exhaust side; and 

a second vacuum pump having an intake side coupled to the 
exhaust side of the roots vacuum pump and generating a second 
pressure, higher than the first pressure, at the intake side of 
the second vacuum pump. 
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43. An apparatus according to claim 1, wherein the 
controllable valve has an intake side for receiving gas and an 
exhaust side coupled to the compression stage of the first vacuum 
pump and for injecting gas into the compression stage of the 
first vacuum pump, and the apparatus further comprising: 

a second vacuum pump having an intake side coupled to the 
exhaust side of the first vacuum pump and generating a second 
pressure, higher than the first pressure, at the intake side of 
the second vacuum pump. 

44. An apparatus according to claim 43, further comprising: 
a roots vacuum pump for coupling the first and second vacuum 

pumps and having a variable rotational frequency, an intake side 
coupled to the exhaust side of the first vacuum pump, and an 
exhaust side coupled to the intake side of the second vacuum 
pump . 

45. An apparatus according to claim 44, further comprising: 
a second controllable valve having an intake side for 

receiving gas and an exhaust side coupled to the exhaust side of 
the first vacuum pump and for injecting gas into the exhaust side 
of the first vacuum pump. 

46. A method according to claim 23, wherein the 
controllable valve has an intake side for receiving gas and an 
exhaust side coupled to the exhaust side of the first vacuum pump 
and for injecting gas iiito the exhaust side of the first vacuum 
pump ; 
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wherein a roots vacuum pump has a variable rotational 
frequency, an intake side coupled to the exhaust side of the 
first vacuum pump and the exhaust side of the controllable valve, 
and an exhaust side; 

wherein a second vacuum pump has an intake side coupled to 
the exhaust side of the roots vacuum pump; 

wherein the step of controlling comprises opening and 
closing the controllable valve; 

wherein the method further comprises : 

generating a second pressure, higher than the first 
pressure, at the intake side of the second vacuum pump; and 

varying the variable rotational frequency of the roots 
vacuum pump. 

47. A method according to claim 23, wherein the 
controllable valve has an intake side for receiving gas and an 
exhaust side coupled to the compression stage of the first vacuum 
pump and for injecting gas into the compression stage of the 
first vacuum pump; 

wherein a second vacuum pump has an intake side coupled to 
the exhaust side of the first vacuum pump; 

wherein the step of controlling comprises opening and 
closing the controllable valve; 

wherein the method further comprises generating a second 
pressure, higher than the first pressure, at the intake side of 
the second vacuum pump. 
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48 • A method according to claim 47, wherein a roots vacuum 
pump couples the first and second vacuum pumps and has a variable 
rotational frequency, an intake side coupled to the exhaust side 
of the first vacuum pump, and an exhaust side coupled to the 
intake side of the second vacuum pump; and 

wherein the method further comprises varying the variable 
rotational frequency of the roots vacuum pump, 

49. A method according to claim 48, wherein a second 
controllable valve has an intake side for receiving gas and an 
exhaust side coupled to the exhaust side of the first vacuum pump 
and for injecting gas into the exhaust side of the first vacuum 
pump ; and 

wherein the method further comprises opening and closing the 
second controllable valve. 
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50. An apparatus for regulating a pressure in a chamber (1) 
comprising: 

a first vacuum pump (2) having a compression stage, an 
exhaust side, and an intake side communicating directly 
with the chamber (1) for generating a first pressure in 
the chamber (1) ; 

a controllable pressure regulator coupled to the first 
vacuum pump (2) and having a control input for receiving a 
first signal (Ul) for regulating an exhaust pressure at 
the exhaust side of the first vacuum pump and to thereby 
regulate the pressure in the chamber (1); 

a controller (10) having an input for receiving a second 
signal (Ps) representing a control pressure in the chamber 
(1), and an output connected to the control input of the 
controllable pressure regulator, the controller (10) 
producing at the output the first signal (Ul) as a 
function of the second signal; wherein the controllable 
pressure regulator comprises a controllable valve (11), 
having an intake side coupled to the atmosphere or to a 
gas supply and an exhaust side coupled to the exhaust side 
of the first vacuum pump (2) ; 

51. An apparatus according to claim 1, wherein the 
controllable pressure regulator comprises: 

a second vacuum pump (3, 4) having an intake side coupled 
to the exhaust side of the first vacuum pump (2) and 
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generating a second pressure, higher than the first . 
pressure, at the intake side of the second vacuum pump 
(4). 

52. An apparatus according to claim 2, wherein said second 
vacuum pump (3, 4) has a variable rotational frequency 
(fl) and wherein the second signal (Ps) controls the 
variable rotational frequency (fl) of the second vacuum 
pump and thereby regulates the exhaust pressure of the 
first vacuum pump, 

53. An apparatus according to claim 2, wherein the 
controllable pressure regulator further comprises: 

a third pump (3) for coupling the first and second vacuum 
pumps (2 and 4), and having an intake side coupled to the 
exhaust side of the first vacuum pump (2), and an exhaust 
side coupled to the intake side of the second vacuum pump 
(4) . 

54. An apparatus according to claim A, wherein one of the 
second or third vacuum pump has a variable rotational 
frequency (fl) . 

55. An apparatus according to claim 5, wherein said third 
vacuum pump (3) is a roots pump. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



i / 15 



PCT/EP98/03784 






6 




Ps 


Syslem Operator 


< 








Prior Art 

Fig. 1 





PHv 

i 



SUBSTITUTE SHEET (RULE 26) 



99/04325 



2 / 15 



PCT/EP98/03784 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



3 / 15 



PCT/EP98/03784 



P_ 

Ps. 



21 



Gain 
Scheduler 



20 



-Kd. 



PID 
Control 
Rule 



f 



Fig. 3 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



5 / 15 



PCT/EP98/03784 



12 




-Ps. 



Controller 




System Operator 



Fig. 5 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



6 / 15 



PCT/EP98/03784 



_P- 



.Ps. 



23 



Gain 
Scheduler 



12 



22 



-Kd. 



PID 
Control 
Rule 



U2 

Fig. 6 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 7 / 15 PCT/EP98/03784 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



8 / 15 



PCT/EP98/03784 



10 



Controller 




.Ps. 



System Operator 



< 



34 



Controller 



Fig. 8 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 99/04325 



10 / 15 



PCT/EP98/03784 



42 




Fig. 10 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 ^ PCT/EP98/03784 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



12 / 15 



PCT/EP98/03784 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



13 / 15 



PCT/EP98/03784 




SUBSTITUTE SHEET (RULE 26) 



wo 99/04325 



14 / 15 



PCT/EP98/03784 




Fig. 14 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intern at Application No 

PCT/EP 98/03784 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G05D16/20 F04B41/06 



According to Iniemational Patent ClassHtcationQPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (Classification system followed byclassificalion symbols) 

IPC 6 G050 F04B 



Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



Citation of document, with indication, where appropriate, of the relevant passages^ 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 007, no. 230 (M-249). 12 October 1983 

& JP 58 124079 A (FURUKAWA DENKI KOGYO 

KK), 23 July 1983, 

see abstract 



PATENT ABSTRACTS OF JAPAN 

vol. 095, no. 006. 31 July 1995 

& JP 07 058032 A (HITACHI ELECTRON EN6 CO 

LTD; OTHERS: 01), 3 March 1995, 

see abstract 



-/- 



1,8, 

21-23, 

28,41 



2-7,11, 
13-20, 
24-27, 
31, 

33-40, 
51-55 

9,10,29. 
30,50 



43-45 



Further documents are listed in the continuation of box C 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevartce 
"E" earfier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publlcationdate of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step wt^en the 
document is combined with one or more other such docu- 
ments, such con^ination being obvious to a person skUled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of theinternational search 



29 September 1998 



Date of mailing of the international search report 



09/10/1998 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorize^ officer 



Helot, H 



Foim PCT/ISA/SIO (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Interr lal Appllcatton No 

PCT/EP 98/03784 



Category • Citation ot document, with indication. where aooroDnara ni tho roia\iAnt r 



DE 38 28 608 A (ALCATEL HOCHVAKUUMTECHNIK 
GMBH) 8 March 1990 



see column 2, line 16 - line 41; figure 2 

US 5 039 280 A (SAULGEOT CLAUDE ET AL) 13 
August 1991 

see column 1, line 53 - column 2, line 44; 
figure 1 

US 5 340 295 A (PREIATO ERNEST J ET AL) 
23 August 1994 
see abstract 

see claims 1,5; figure 5 

EP 0 343 914 A (BOC GROUP INC) 29 November 
1989 

see column 7, line 55 - column 10, line 
39; figure 1 

US 4 699 570 A (BOHN HEINZ) 13 October 
1987 

see column 3, line 11 - line 33; figure 4 

US 4 259 038 A (JORGENSEN TVER ET AL) 31 
March 1981 

see column 3, 1 ine 17 - 1 ine 21 

US 3 985 467 A (LEFFERSON PETER) 12 
October 1976 
see abstract 



2,3,7, 
24,25, 
40, 

43-45, 
51,53,55 



4,5,26, 
27 



11,13, 
14,31, 
33,34 



15,35, 
52-54 



16-18, 
36-39 



19,20 



Form PCT/iS A/210 (continuadon of second sheet) (July 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 



Interi .lai Application No 

PCT/EP 98/03784 



Patent documeni 
cited in search report 



Publication 
date 



Patent family 
fnember(s) 



Publication 
date 



1/1- 




A 


08- 


•03- 


1990 


NONE 








us 


5039280 


A 


13- 


■08- 


1991 


FR 


2640697 


A 


22-06-1990 














DO 


284944 


A 


28-11-1990 














EP 


0373975 


A 


20-06-1990 














WO 


9007061 


A 


28-06-1990 














JP 


3055679 


B 


26-08-1991 














JP 


3500440 


T 


31-01-1991 




J J t v/C ^ »^ 


A 




■08- 


1994 


CA 


2123197 A,C 


20-01-1995 














GB 


2280139 A,B 


25-01-1995 


EP 


0343914 


A 


29- 


-11- 


■1989 


US 


4850806 


A 


25-07-1989 














CA 


1322740 


A 


05-10-1993 














DE 


68913351 


D 


07-04-1994 














DE 


68913351 


T 


04-08-1994 
















20498,14 


T 
















JP 


2042186 


A 


i3-lr^L99':o 


US 


4699570 


A 


13- 


-10- 


-1987 


NONE 








US 


4259038 


A 


31- 


-03- 


-1981 


OE 


2756916 


A 


28-06-1979 














DK 


561078 


A 


22-06-1979 














GB 


2010959 


A,B 


04-07-1979 














JP 


54091803 


A 


20-07-1979 














SE 


425988 


B 


29-11-1982 














SE 


7813113 


A 


22-06-1979 


US 


3985467 


A 


12 


-10- 


-1976 


NONE 









Fofm PCT/ISA/210 (patent family annex) (July 1992) 



